Agricultural extension programs based on the Training and Visit (T&V) system are operating in some thirty-one Sub-Saharan African countries. Evidence from Kenya and Burkina Faso shows that T&v management enhances the effectiveness of extension and that such programs support agricultural growth and produce high returns on investments. The data indicate that areas served by extension have higher yields and that within these areas the highest yields are achieved by farmers who participate directly in extension activities. As a result, extension helps to close the gap between die yields attainable with existing technologies and those actually realized by farmers. Closing this gap improves agricultural productivity in the short run, but long-term increases in output in Sub-Saharan Africa will depend on the development of improved technologies that are relevant to local conditions. Slow growth in agricultural production has been a serious problem in SubSaharan Africa, challenging domestic and international policymakers. Accelerating that growth will require important contributions from agricultural extension and research. Although these two interact to complement agricultural growth, their respective roles depend on the general level of agricultural development.
Slow growth in agricultural production has been a serious problem in SubSaharan Africa, challenging domestic and international policymakers. Accelerating that growth will require important contributions from agricultural extension and research. Although these two interact to complement agricultural growth, their respective roles depend on the general level of agricultural development.
Through the Training and Visit (T&v) system of extension, first introduced by the World Bank in the late 1960s (Benor, Harrison, arid Baxter 1984) , better production methods and new technologies are being introduced to fanners at die field level. T&V aims at closing the gap between the yields attainable using best-practice technologies and die yields farmers actually achieve. This gap is likely to be particularly large in situations such as those in Sub-Saharan Africa, where fanners have little education, research and extension are unavailable, and markets and infrastructure are relatively undeveloped. Correcting this gap under these conditions can result in a considerable-and permanentincrease in agricultural growth.
But the role of extension becomes more restrained once most of this gap has been exploited; at this point its contribution depends mainly on the productivity of the agricultural research system and die dissemination of die recommended innovations. Extension dius has considerable potential to make a significant contribution to agricultural growth in Sub-Saharan Africa. But if it is to realize this potential and embrace die vast majority of small subsistence-oriented farmers, die public sector must be involved. Currendy, private-sector extension, although valuable in advanced countries, is provided in Africa mosdy by commodity organizations and by companies that supply inputs (seeds, fertilizer, and so on); it dius tends to cater to die better-off fanners who produce high-value crops widi modern inputs. As a result, not only are small farmers who produce traditional crops unlikely to benefit from private extension, but die economic gulf between poor farmers and diose who are more successful may widen.
Extension is a high priority in die World Bank's strategy for accelerating agricultural growth in Sub-Saharan Africa (Cleaver 1993 ). This strategy is aimed not only at propagating improved practices, but also at helping fanners to become better managers and more adept at organizing dieir operations and conserving natural resources. As farmers' skills improve and demand for yieldincreasing research and other services rises, extension services provide the blend of basic science and practical experience essential to stimulate agricultural growth.
Extension programs supported by the World Bank now operate in some diirtyone Sub-Saharan African countries. These programs employ about 30,000 people and directly or indirecdy reach some 100 million farm households (Schorosch 1993) . The World Bank's financial commitments for these operations, which are in addition to the expenditures incurred direcdy by dieir governments, amount to almost $450 million (Bagchee 1994) . The T&v system provides comprehensive agricultural extension services (for crops, livestock, and so on) widiin a single line of command. The strategy diat has been developed has four key elements: regular visits by extension workers to designated contact farmers and contact groups, carefully selected to achieve a "spread effect" to farmers who are not in direct contact widi extension; a cadre of subject matter specialists, who are trained by research scientists and who in turn train field-level extension workers; the regular supervision of extension staff at all levels; and fixed work programs and specific responsibilities. Extension workers gradually disseminate technological packages to farmers, focusing on a few simple messages on each visit. The initial emphasis is on improving crop husbandry (land preparation, timing of different operations, planting densities, fertilizer application, and so on).
The strategic role assigned to extension-and die resources being invested in it-make it important to evaluate how much extension contributes to production and whether the value of die increase in production justifies die investment. A recent review of the literature on the economic impact of extension concludes that extension services do increase agricultural production but finds limited evidence on the returns on these investments (Birkhaeuser, Evenson, and Feder 1991) . Of die forty-eight studies reviewed, only eight reported estimates of die returns on investment. The review found no recent work on die profitability of extension in African countries, and only one study, on India (Feder and Slade 1986) , evaluated T&V extension.
This article examines die effect of T&V extension on agricultural production in Kenya and Burkina Faso and attempts to measure die value of the increase attributable to it. The article draws on die results of two evaluations- , and Bindlish, Evenson, and Gbetibouo (1993) . We first review die financial allocations and personnel requirements of die extension programs in bodi countries as well as the characteristics of die farmers in the sample. We then summarize die results, looking at whether farmers ignore or adopt die advice of extension workers, and examine how effective farmer-tofarmer communication is in delivering extension messages. Finally, we review the impact of extension on production in order to analyze extension's contribution to profitability and growth.
Agricultural Extension Services in Kenya and Burkina Faso
In 1982 Kenya introduced a pilot T&V program in two administrative districts. By 1985 the program had expanded to cover diirty districts, or about 90 percent of the total arable land. The remaining areas are being covered under the second phase of die project, which is expected to operate until 1998. In Burkina Faso T&V was introduced across the country's twelve administrative units, known as CRPAs (Centres Regionaux de Promotion AgroPastorale) during a four-year period ending in 1989, at which time it was adopted as die national system.
The study sample for Kenya consisted of 676 farm households selected randomly from seven representative districts (Bungoma, Kericho, Kisumu, Machakos, Murang'a, Taita Taveta, and Trans Nzoia). These seven districts account for about a fourdi of Kenya's population, a fifth of its arable land, more than a diird of its maize production, and about a fifth of die output of most odier crop and livestock products. The farms were spread over all thirteen agro-ecological zones found in Kenya. The study sample for Burkina Faso, which included 3,609 farm households, was much larger and covered all twelve CRPAs.
In both Kenya and Burkina Faso, T&V replaced earlier extension systems that, while productive, were considered to have certain weaknesses (see, for example, World Bank 1983). These weaknesses related to deficiencies in the training of field extension agents and poor supervision of staff. Because these weaknesses are precisely the kind that the T&V management structure seeks to address, the question was whether T&V had a greater impact on production than the extension system it replaced.
To test this hypothesis one must compare the data from a period when T&V programs were operating with a period preceding its introduction. Although Kenya had such data, Burkina Faso did not 1 This meant that a befbre-andafter framework could not be used in the case of Burkina Faso. But T&V was phased into Burkina Faso during the four-year period from 1986 through 1989. Thus the hypothesis tested instead was diat T&Vs effect on production, estimated on the basis of data collected in 1990-91, would be greater in those CRPAs in which it had been introduced earlier. A second hypothesis was that farmers who were members of a T&v contact group were more likely to adopt recommended practices, although other farmers were also considered to have benefited.
Resource Allocations
In Kenya extension expenditures increased 19 percent, or 75 cents, a year per farm household, after the introduction of T&V (table 1). The total number of field extension agents in the seven Kenyan districts increased from 774 in 1982 to 1,071 in 1990-91, reducing the average number of farm households served by each agent from 913 to 816. In Burkina Faso extension expenditures actually declined after the introduction of T&V, falling by 29 percent from $10.27 per farm household in 1985-86 (the year preceding the introduction of T&v) 
Extension Advice
Farmer groups, traditionally an important feature of rural society in Africa, were the main contact points for extension agents in both Kenya and Burkina Faso. Accordingly, a high proportion of Kenyan farmers who reported receiving extension advice after the introduction of T&v were members of such groups. In Burkina Faso 21 percent of the sample farmers belonged to a T&v contact group. After the introduction of T&V in Kenya, the proportion of farmers who reported receiving extension advice increased from 6 percent to 48 percent (table 2). Eighty-eight percent of the respondents reported that this was the first time they had been reached by extension services. In Burkina Faso 31 percent of the farmers reported being served by the T&V-based extension system. Twenty-nine percent had participated the previous year in scheduled meetings between field agents and their contact groups, but only 21 percent reported actual membership in T&V contact groups; thus it appears that an appreciable number of farmers who were not contact-group members also participated in group activities. Virtually all those who received extension advice considered it to be useful.
Under T&v, extension appears to be reaching female farmers, although the small number of women in the Burkina Faso sample makes it difficult to draw inferences from the data for that country. In Kenya roughly the same proportion of farmers from female-headed households (45 percent) and male-headed households (50 percent) received extension advice, as did similar proportions of small-(45 percent), medium-(45 percent) and large-scale fanners (53 percent).
2 In Burkina Faso only 21 percent of the small-scale farmers and 30 percent of the medium-sized farmers, compared to 47 percent of the large-scale farmers, participated in scheduled contact group activities. This low level of participation suggests that small-scale farmers should be explicitly targeted for membership in contact groups. Table 3 shows how effective T&V programs were in making farmers aware of new production practices. In Burkina Faso more than 80 percent of the farmers who were members of T&V contact groups and 50 percent of those who were not said they were aware of the extension messages. (The relatively low level of awareness about improved cultivars might reflect a preference for local varieties or the general paucity of improved crop varieties for environments widi low and uncertain rainfall.) In Kenya awareness of extension messages declined widi the complexity of the practice. More than 80 percent of the farmers were aware of basic husbandry practices, such as spacing, planting dates, improved cultivars, and basal fertilizer applications. In contrast, less dian a tiiird were aware of advice on topdressing of fertilizer, plant protection chemicals, and stalk borer control, which are more complex practices. -Not available. Note: Kenyan fanners have a long tradition of organizing into groups to market output, obtain credit, and so on -and the extension system has sought to work with some of these irining groups. Thus data are not presented separately for group members and other fanners, as in the case of Burkina Faso. In Burkina Faso, contact groups have been created specifically for extension purposes.
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Testing and Adoption of Recommended Practices
Farmers have been encouraged under T&V to test extension recommendations on small areas in their fields before adopting mem. Such testing was common in Kenya in die years immediately after T&v was introduced, but me practice has decreased over time. In Burkina Faso, however, a significant amount of testing still appears to take place, particularly among members of contact groups (see table 3 ). Farmers who did not belong to contact groups reported some testing, but no more than 20 percent of such farmers tested most recommended practices.
The level of adoption of extension advice was lower than the level of awareness. For Kenya 63 to 75 percent of the sample fanners adopted extension recommendations covering the four simpler practices (spacing, time of planting, improved cultivars, and basal dressing of fertilizer), but only about 10 percent adopted the three more complex practices (top dressing, plant protection chemicals, and stalk borer control). The differences in adoption rates between male-and female-headed households, and among small, medium, and large farms, were significant only for fertilizer, which suggests that female-headed households and small-scale fanners face relatively greater financial constraints and may not be in a position to purchase inputs.
Overall adoption rates in Burkina Faso tended to be modest, although they were higher for T&V contaa group members than for other farmers. Note that although the twelve practices selected for analysis have wide regional applicability, their relative importance varies by agroclimatic area. Thus, adoption rates were higher in the regions best suited to these practices. For example, more than 80 percent of the sample farmers located in the northern Sahel followed the recommended use of organic fertilizer, and about one-half adopted complex anti-erosion methods (Bindlish, Evenson and Gbetibouo 1993, table 13 ). These two practices were also adopted by farmers in the central plateau and eastern zones, both of which have serious soil erosion problems. In contrast, in the western and southwest zones, where crop production is important, a high proportion of farmers followed crop rotation (89 percent) and soil preparation (99 percent) practices and invested in chemical fertilizer (80 percent) and improved cultivars (62 percent).
Farmer-Identified Constraints
Kenyan farmers cited the cost of inputs as the key constraint in their efforts to increase the use of purchased inputs, suggesting a possible need to expand access to agricultural credit. Although they identified labor shortages as the main reason for ignoring recommendations concerning spacing and timely planting, that constraint is also likely to reflect financial problems that prevent farmers from hiring labor. Farmers in Burkina Faso also identified the cost constraint as the main reason they failed to use purchased inputs, but they cited insufficient knowledge as the critical factor limiting their adoption of a majority of the other practices. Insofar as high proportions of farmers reported being aware of the extension messages for individual practices, this apparent contradiction suggests that farmers lack detailed knowledge about the correct methods of application. To achieve better results, extension may need to work more closely with farmers to familiarize them with all facets of the messages. Notably, only a small proportion of the sample fanners in both countries cited the unavailability of inputs as an impediment to adoption.
Sources of Information
The extension service cannot reach all fanners directly, and T&V, like all extension systems, assumes that messages will spread to other farmers from those contacted directly (table 4) . Even some of the sample farmers in Kenya apparently first acquired their knowledge of extension messages from other farmers; 48 percent of the sample farmers reported receiving advice from extension agents, but only 25 percent indicated that these agents were their initial source of information. In Burkina Faso, as noted earlier, many farmers who are not members of T&V contact groups attend extension meetings. Forty-one percent of the farmers who were not members of such groups identified other farmers as their source of extension messages. The majority of farmers who were members attributed their knowledge of extension to the T&V agent. In both countries, radio broadcasts were a small, but positive, influence. If farmers feel that they do not have enough information to invest in new practices, extension may have a larger direct role to play in delivering more complex and specialized messages (see For instance, more sample farmers in Kenya attributed their initial knowledge of simpler practices to other farmers than to field agents, but for the more complex practices, about the same number attributed their initial knowledge to field agents as to other farmers. In Burkina Faso higher proportions of farmers who were not in T&V contact groups identified extension agents rather than 
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other formers as their primary source of information on practices using modern inputs (chemical fertilizers, pesticides, and improved cultivars).
Determinants of Advice, Testing, Awareness, and Adoption
Efficiency at the farm level has both technical and allocative components. Farmers must use improved production techniques in combination with a more effective allocation of resources. Because extension is primarily concerned with delivering technical messages, its contribution to economic efficiency is largely through its effect on technical efficiency. How effective has T&v extension been in contributing to technical efficiency in Kenya and Burkina Faso? Using econometric techniques to analyze rates of change, we examined whether T&V had led to earlier and greater awareness, testing (in Burkina Faso), and adoption of improved practices than would have occurred otherwise. (Adoption was based on data aggregated to the area covered by the extension agent for Kenya and to the village level for Burkina Faso.) We also looked at the probabilities of individual farmers becoming aware of and responding to these messages. The focus was on the specific practices for Kenya and Burkina Faso discussed earlier.
Participation in extension activities as contact farmers and members of contact groups would reflect a direct involvement widi the T&V system and determine, to an important extent, its impact on farmers' efficiency. The decision to participate is endogenous, however, because farmers decide whether they want to be contact farmers or contact group members. Thus, we analyzed the effect of participation using a two-stage procedure. In the first stage, we statistically "predicted" participation in an analysis of interest in its own right. In the second stage, we included predicted participation as an explanatory variable in the analysis of the determinants of awareness, testing, and adoption.
The decision to participate is influenced by the farmers' demand for information as well as by the available supply of information services. The demand factors used in the model to predict participation comprised farmer characteristics, the state of community services and activities (because participation frequently occurs in a group context), and climatic conditions. Variables focusing on farmers' sex, age, and education were used to represent farmer characteristics. Community characteristics were represented by the community means for farm size, education levels, and age; climatic factors by weather variables. Additionally, in Kenya the community characteristics included indicators of the availability of road and transport facilities, and the climatic factors included indicators relating to topographic features and agronomic potential. (All areas of Kenya have been classified according to whether they have a high, medium, or low agricultural potential.)
Because die supply of extension services is an important determinant of participation, die variable reflecting diis supply should measure die services provided relative to die number of farmers served. The Kenya and Burkina Faso studies rely on die most appropriate and widely used variable for diis supply index-die ratio of field workers to farmers in a community. The main appeal of diis variable is diat farmers generally have no control over me number of field agents employed by me government, so one may assume diat increased field services contribute to more information and advice. (A more detailed discussion of diis variable and possible endogeneity problems follows in die next section.)
The analysis provides useful insights regarding the types of farmers likely to seek direct contact widi extension services. For example, in Kenya farmers from households headed by women or by persons widi higher levels of schooling have a higher probability of participating as contact farmers or members of a contact group. This finding conforms to expectations: female farmers are more likely to seek extension advice than male fanners because it can substitute for odier factors, such as inputs and credit, to which women might have less access; more educated farmers have a greater appreciation for extension advice and expect to benefit from it. The probability was also higher for farmers in areas widi only a small number of farm families per field agent and in areas widi a low or medium agronomic potential. Again, diese findings conform widi expectations diat relatively high coverage would encourage participation and diat farmers would seek extension advice to compensate for agronomic inadequacies. In Burkina Faso contact group members tended to be younger, full-time farmers widi more land. Here, too, farmers in areas widi fewer farm families per agent were more likely to be in T&V contact groups.
In analyzing diose factors diat afreet a farmer's decisions, we used direc variables: predicted participation, an indicator of die year in which T&V was introduced in an area, and die agent-to-farmer ratio. The reason for using the agentfarmer variable again was to see whether extension staffing had an impact independent of participation. In addition, we also incorporated die effects of learning from odier farmers in die form of a learning curve. In Burkina Faso we also considered die relationship between testing and adoption.
The data used in die analysis consisted of a time series for 1979-90 for Kenya and 1984-91 for Burkina Faso and were based on die farmers' recollection of die year in which diey had first become aware of, tested, or adopted a practice. Thus, die potential for recall error exists, aldiough a chronology of technology diffusion would have been impossible to develop odierwise. For die agent-tofarmer ratio (defined at die "location" level for Kenya, and the zonal level for Burkina Faso), time series had to be constructed. In Kenya we asked extension staff in 1991 how many years the agents then posted in a location had been there. Because they were unable to provide information on personnel who had been transferred elsewhere, an adjustment was made for these field agents on the basis of the available district-level data. A similar adjustment was made for Burkina Faso using provincial data to derive time series for extension agents at the zonal level.
The results of the rate-of-change analysis and the farm-level probability analysis were generally consistent for both countries, although the results were stronger for Burkina Faso, where T&V had a positive and statistically significant effect on testing for ten of the twelve practices and on adoption for nine practices. Using participation in T&V contact groups or the variable indicating the year in which T&v was introduced in an area gave similar results, suggesting that the impact of T&V is not confined to contact group members but extends to other farmers. Participation in T&v contact groups in Burkina Faso increased the probability that farmers would test and adopt most of the recommended practices. It also confirmed the positive effect of testing on adoption. Farmers with more land and farmers with higher levels of schooling were more likely to learn from other farmers and to test and adopt new technology.
The findings for Kenya were not as dear-cut; evidence regarding the effects of T&V on farmers' awareness of recommended practices tended to be weak, reflecting perhaps the conceptual problems commonly encountered in collecting such data. Because farmers may be unable to define or express their awareness clearly, evidence that the advice has been adopted is a more effective measure of extension's impact. And, in fact, the findings on adoption were more robust. T&v generally had a positive effect on all the recommended practices, and it had a statistically significant effect on most. The response to three of the four basic practices covered in die analysis-spacing, planting dates, and the use of improved cultivars-was particularly strong. As in Burkina Faso, higher levels of schooling led to more and earlier awareness and adoption.
Measuring the Impact on Production
The effect of T&V on farmers' economic efficiency was measured by the change in farm output, 4 An important procedural issue related to the choice of extension variables. Several different specifications were used in earlier studies reviewed by Birkhaeuser, Evenson, and Feder (1991) . These included the number of farmer contacts widi the extension system, participation in groups that were in contact with extension agents, adoption of a recommended technology, and the ratio of field extension workers to farmers in a region. With the exception of the last, the other variables reflect actions of or choices made by farmers.
Thus, when more productive farmers seek out extension workers for advice more frequently than less productive fanners, one cannot infer that extension has increased their productivity. And, unless an econometric procedure is devised to correct for this endogeneity, they cannot be used as independent variables. (In the previous section, a predicted participation variable, which took endogeneity into account, was created to explain awareness and adoption, and that variable was available for the productivity analysis.)
Most previous studies of this type, however, relied on a measure of extension supply that is determined by the government and is not a farm-specific variable. As noted earlier, the logical choice is a ratio measuring the supply of field services to a target group of farmers. The supplying staff may use different techniques to reach farmers and may provide more services to some farmers than to others, but it is expected that the more staff services available, die more advice and information farmers will receive and that areas with more services will, on average, be more productive.
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Governments have been known to locate extension personnel in choice agricultural areas in an attempt to demonstrate the success of extension programs, effectively creating a selectivity bias. Such behavior creates a spurious correlation and causes the estimated relationship between extension and productivity to be biased upward (Evenson and Kislev 1975) . Our studies attempted to deal widi this potential bias in two ways. First, we examined the strategy behind the geographical expansion of T&V. It appeared that in both Kenya and Burkina Faso, the expansion of T&V management at the aggregate level was random once the programs had graduated from the pilot phase; in Burkina Faso the expansion occurred in all regions at roughly the same rate. Nonetheless, decisions concerning the location of extension agents widiin districts in Kenya and CRPAs in Burkina Faso may still have been biased. Second, we applied statistical tests to determine the endogeneity of the agent-to-farmer variable (meaning that its value is not affected by factors outside the model). The tests did not indicate an upward bias, but the possibility is nonetheless real (see the appendix).
There is also a timing dimension between an agent's year of service and farmers' productivity. Not only is extension advice likely to be reinforced as farmers gain experience, but it also takes time to spread the word among farmers. Thus die impact of extension services provided in a given year will extend into the future. This assumption was incorporated into the agent-to-farmer variable in the form of an accumulated stock of field-agent years.
In Kenya the ideal way to look at the effect of extension after the introduction of T&V would have been to compare differences between the data for 1981-82 and 1990. Such an analysis was impossible, however, because 1981-82 data were available only for a limited number of inputs. Instead, we estimated separate models for each period.
The 1990 specification for Kenya was relatively complete. Aggregate farm production was related to inputs, geodimatic conditions, weather, farmer and community characteristics, and the agent-to-farmer ratio. Two additional variables were used for Burkina Faso: the number of years that T&V had been operating in an area, and the proportion of farmers in a village who were members of a T&v contact group. In bodi countries, different econometric techniques consistently gave similar results. In addition, the estimates for the nonextension variables (land, labor, and capital) appeared reasonable and inspired confidence in die measures of die extension variables.
The results for Burkina Faso showed that important determinants of production were not only die agent-to-farmer ratio, but also the variables measuring the proportion of farmers in a village who were members of a T&v contact group and the number of years T&v had operated in die area. In Kenya die estimates for die agent-to-farmer ratios were considerably higher for 1990 than for 1981-82. But the impact of extension may have been underestimated for 1981-82, given die weaknesses in die data for that year. Furthermore, die analysis did not take into account changes in other complementary factors, such as rural infrastructure (feeder roads), access to agricultural credit, and new technologies, which might have improved farmers' ability to respond to the extension messages.
All the same, diere is little to suggest diat major increases in die supply of such factors actually occurred in Kenya between 1981-82 and 1990. Indeed, die study suggests that farmers lacked access to agricultural credit during diis period, which might have reduced the effectiveness of extension. Similarly, few new technologies were introduced at this time, because the agricultural research system was being reorganized. As for investment in feeder roads, die government seems to have been more concerned with maintaining the existing network than with adding to it. Therefore, although die difference between die 1990 and 1981-82 estimates cannot unequivocally be attributed to T&v, die system seems likely to have increased the productivity of extension. Notably, the results showed that subject matter specialists with technical education and research experience and extension agents with knowledge of on-farm research were more effective in raising farm productivity dian those without such credentials.
Economic Analysis
Policymakers are interested in knowing not only whedier extension has increased agricultural output, but also how the benefits compare to the costs of achieving this goal. What can be learned from experience in these two countries? To find out, we computed rates of return for T&V extension in both countries and for extension services before T&V was implemented in Kenya. The computed rates of return are "marginal," that is, they refer to the social return that would be realized on an additional public sector investment, given the investments already made. The statistical methods applied in the study were not suited to estimating average returns, which in any case are not a practical calculation for on-going programs such as extension.
One caveat applies to these results. The high rates of return reported here are a consequence of improved technologies adopted by farmers who had not previously employed such techniques and whose productivity had been low. The impressive increase in output that resulted from these technological innovations (improved crop management practices, seed, fertilizers, and other inputs) is unlikely to be repeated. Further productivity increases will occur as existing practices are modified and improved, but the large initial gains in output are unlikely to continue.
For Kenya the computations showed a marginal rate of return of more than 100 percent for the T&v-based 1990 extension and 28 percent for the pre-T&V 1981-82 extension. For Burkina Faso the computed marginal rate of return was 91 percent : What do the results for Burkina Faso imply for growth of agricultural productivity? At the level of extension expenditures in the early 1990s (slightly under 1 percent of the value of production), the effect of additional extension agents is less beneficial than participation in T&V contact group activities. (Estimated crop yields for the contact groups were 29 percent higher than average.) For example, as shown in table 3, about 30 percent of the sample farmers participated in T&V contact-group activities in 1990, four years after T&V was first introduced. If the proportion of such farmers increased in the following six years to 75 percent, which would be about the expected peak, that increase would imply a considerable increase in agricultural production at the end of the ten-year period.
Conclusion
The evidence from the evaluations supports the hypotheses that extension programs in Sub-Saharan African countries have a positive long-term effect on agricultural growth and that T&V management improves extension performance. Two elements of this management structure appear to be particularly important. One relates to the discipline of regular extension visits to farmers, and the other to the role of the subject matter specialists. In response to the involvement of these personnel, the extension service is under constant pressure to provide timely and competent advice.
The evaluation for Burkina Faso, which shows that extension made two important contributions, is especially revealing. The first contribution is that farmers in villages with more extension staff time recorded higher crop yields. The second, which augments the first and is more substantial, is that the higher yields are associated with direct participation in contact group activities. This contribution has the effect of closing the gap between the "best-practice" yields possible with the existing technologies and the yields farmers actually obtain. This improvement can move the agricultural economy to higher levels of productivity, beyond which progress will largely depend on how quickly new technologies can be developed.
This transition has very significant economic value. It can provide African countries "breathing room" to stimulate their agricultural research systems and achieve the kind of growth potential attained in Asian countries through the application of new technologies. This transition will be realized only with wellmanaged, disciplined, and effective extension programs. Previous extension programs have not been able to mine this source of growth, but contemporary T&V programs appear to be doing so.
It is not clear how many Sub-Saharan African countries still can tap this source of growth. Kenya has probably made most of the transition to the next, stage. It has relatively well-developed markets and infrastructure as well as higher levels of farmer education. The high rate of return estimated for its T&V-managed extension system is probably attributable, at least in part, to the closing of the gap between best-practice yields and actual yields. Markets, infrastructure, and fanner education are less well developed in Burkina Faso, which has a large gap between actual yields and best-practice yields. Its situation is likely to be replicated in much of Africa.
The high rates of return estimated in these two studies cannot be used to justify expanding the agricultural extension systems in Sub-Saharan Africa to intensity levels above those characterizing other, more successful developing countries. The estimates imply that extension programs have sharply decreasing marginal effects as the programs expand. The statistical reliability of the estimates also declines for calculations far from the mean of the sample. Perhaps of more importance is the fact that the high returns estimated for these programs are based on two important features of extension programs, only one of which is replicable or permanent. Extension effectiveness based on better management and design of extension systems produces permanent gains if the better management and design elements are maintained. Extension effectiveness based on the gains from mining the best-practice potential in economies with very low levels of marketing and related institutions cannot be sustained for long periods of time.
Appendix. Note on Simultaneity
The following procedure describes the test for simultaneity bias arising from governmental decisions concerning die location and size of extension staff. Note diat for me economic analysis, conclusions regarding die economic impact of extension were drawn from measurements of die supply of extension services to farmers.
To determine die potential endogeneity of die extension supply variable itself, a diree-stage least-squares procedure was used. The variable was defined at die location or village level. In Kenya each location includes several sublocations, which represent die area covered by an extension agent. The extension supply equation included two classes of sublocation variables. Current variables, which were included in die aggregate production function, comprised:
• Sublocation indicator of medium and low potential land • Sublocation indicators for hilly and undulating land. For Burkina Faso we did not have comparable data from an earlier period. The first-stage extension supply equation for Burkina Faso included three household-level variables (production, area, and education) that were in the secondstage production specification. The instruments included:
• The number of households in the village (the extension staff variable covered several villages) • Number of years since T&V was introduced • Dummy variables for political units (the CRPAs).
T&V was phased into Burkina Faso during a four-year period. The T&V coverage each year was similar in different political units. The diird-stage production functions did include soil and climate class variables, but not the political CRPA dummy variables.
In both Kenya and Burkina Faso, die simultaneity correction produced slightly higher coefficients. 3. Only a small proportion of farmers became aware of extension messages through the radio. Virtually all who did considered the radio messages useful and suggested an increase in the length of the programs or a change to evening hours when they would not interfere with fanning activities.
Notes
4. Previous studies have used either an aggregate production function model or a productivity decomposition model (Birkhaeuscr, Evenson, and Feder 1991) . To implement the latter, an aggregate input index needs to be formulated, using cost shares as weights. (Typically, constant cost-share weights are derived from farm management studies.) In contrast, an aggregate production function specification does not require cost-share data and implicitly permits marginal products to differ from cost shares. This more flexible approach was used in the Kenya and Burkina Faso studies to estimate production coefficients using a simple CobbDouglas production function. More complex functional forms require more parameter estimates, and while they may enable more precise identification of parameters, they typically reduce the precision with which one can estimate the extension impact because of increased multicollinearity. National prices were used to aggregate the production of individual crops. (Livestock production could not be included because of the lack of data.) 5. We attempted to link the evidence on participation and adoption from the last section to the T&v impact on production, but die exercise was inconclusive for several reasons. First, the adoption of several practices was relatively incomplete in 1990. Second, the adoption of these practices alone docs not capture die full effects of extension on farm productivity. Good farm management includes proper timing and response to weather conditions and efficient allocation of household resources among activities. And there is considerable scope for management
